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DESCRIPTION 

QUANTITATIVE REAGENT, METHOD AND EQUIPMENT OF SUBSTANCE 
UTILIZING FLUORESCENCE LIFETIME 

5 TECHNICAL FIELD 

The present invention relates to a reagent, method and apparatus for quantitatively 
determining a specific fluorescent molecule in a sample, as well as a method for analyzing 
the same. 

10 BACKGROUND ART 

Measurement of the concentration or mixing ratio of a fluorescently labeled 
substance in a sample has been carried out mainly by measuring the fluorescence intensity of 
the relevant fluorescent molecule in recent years. Briefly, it is possible to quantitatively 
determine a fluorescent molecule of unknown concentration or mixing ratio in a test sample 

15 by adding thereto a fluorescent molecule of known concentration (hereinafter called 
"reference fluorescent molecule") and comparing the fluorescence intensities of the 
fluorescent molecule to be detected and the reference fluorescent molecule. Application of 
such a method utilizing fluorescence intensities makes it possible to determine the expression 
level of a target gene or judge the type of single nucleotide polymorphism (SNP) by labeling 

20 the target molecule or probes with fluorescent molecules and comparing the fluorescence 
intensities of these molecules. Thus, the above method is industrially applied as DNA 
microarray method, TaqMan PCR method or Invader method and is now used widely. For 
example, Japanese Unexamined Patent Publication (PCT) No. Hei 8-510562 discloses a 
method in which the amount of PCR amplified nucleic acid is monitored by comparing the 

25 fluorescence intensities of two species of fluorescent molecules. 

On the other hand, fluorescence lifetimes inherent to fluorescent molecules have 
not been utilized much because they were considered to be less affected by environments 
surrounding fluorescent molecules or the degree of chemical reactions. However, recently, 
fluorescence lifetimes have become positively used in the field of biotechnology because 

30 laser or laser diode with high output in the visible light region has been developed and 
measuring accuracy has been improved as a result of accelerated processing speed in 
electronic circuits. For example, Japanese Unexamined Patent Publication No. Hei 
6-66802 discloses an invention of quantitatively determining the reaction product of an 
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immune reaction, utilizing the fact that the transfer of photoluminescence energy is reflected 
on apparent fluorescence lifetimes. Further, Japanese Unexamined Patent Publication 
(PCT) No. 2002-542453 discloses "Method of Fluorescence Analysis on Biological 
Systems"; specifically, it describes a method of monitoring the internal growth of acceptor 
5 utilizing changes in fluorescence modulation lifetime and phase lifetime caused by 
fluorescence resonance energy transfer between donor and acceptor. 

DISCLOSURE OF THE INVENTION 

Quantitative determination or identification of a test sample (in particular, nucleic 
10 acid) now commonly practiced is carried out by labeling the test sample amplified by such as 
PCR method, LAMP method of ICAN method with a fluorescent molecule and then 
detecting the fluorescence intensity of the molecule. However, amplification or 
identification of test samples requires long time of labor and expensive reagents. Therefore, 
a simple, easy and non-expensive detection method is demanded. 
15 The present invention aims at providing a method of detecting a fluorescent 

molecule, a reagent for detecting the same; an apparatus for quantitatively determining a 
fluorescent molecule, and a method of analyzing a fluorescent molecule. 

As a result of intensive and extensive researches toward the solution of the 
above-described problems, the present inventors have paid attention to fluorescence lifetimes 
20 of fluorescent molecules and found that it is possible to detect fluorescent molecules simply 
and with low cost by measuring the decay of their fluorescence intensities in a 
time-dependent manner. Thus, the present invention has been achieved. 

The present invention relates to the following. 
(1) A method of detecting a fluorescent molecule in a test sample, comprising the 
25 following steps: 

(a) a step of measuring in a time-dependent manner individual fluorescence intensities 
of a plurality of species of fluorescent molecules each having an inherent fluorescence 
lifetime; and 

(b) a step of comparing the measured fluorescence intensities. 

30 (2) A method of detecting a substance to be measured in a test sample, comprising the 
following steps: 

(a) a step of labeling the substance to be measured with a plurality of species of 
fluorescent molecules each having an inherent fluorescence lifetime; 

(b) a step of measuring in a time-dependent manner individual fluorescence intensities 
35 of the fluorescent molecules labeling the substance; and 
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(c) a step of comparing the measured fluorescence intensities. 

(3) A method of judging the type of a substance to be measured in a test sample, 
comprising the following steps: 

(a) a step of labeling the substance to be measured with a plurality of species of 
5 fluorescent molecules each having an inherent fluorescence lifetime; 

(b) a step of measuring in a time-dependent manner individual fluorescence intensities 
of the fluorescent molecules labeling the substance; 

(c) a step of comparing the measured fluorescence intensities; and 

(d) a step of judging the types of the substances to be measured using the intensity 
10 ratios obtained by the comparison. 

(4) In the methods described in (1) to (3) above, the plurality of species of fluorescent 
molecules may be, for example, fluorescent molecules belonging to individual groups of 
different three or more groups selected from the group consisting of a group having an 
inherent fluorescence lifetime of 0.01 ns or more and less than 1.0 ns; a group having an 

15 inherent fluorescence lifetime of 1.0 ns or more and less than 2.0 ns; a group having an 
inherent fluorescence lifetime of 2.0 ns or more and less than 3.0 ns; a group having an 
inherent fluorescence lifetime of 3.0 ns or more and less than 4.0 ns; a group having an 
inherent fluorescence lifetime of 4.0 ns or more and less than 5.0 ns; a group having an 
inherent fluorescence lifetime of 5.0 ns or more and less than 6.0 ns; and a group having an 

20 inherent fluorescence lifetime of 6.0 ns or more and less than 7.0 ns. The fluorescence 
lifetimes of the fluorescent molecules used are different from each other by 1 .0 ns or more or 
by a factor of 1.1 or more. Preferably, three or more species of fluorescent molecules are 
used. The fluorescence lifetimes of these fluorescent molecules are, for example, 30 ns or 
less. At least one species of the fluorescent molecules or at least one species of the 

25 substances to be measured may have a known concentration. Specific examples of 
substances to be measured include probes or targets (e.g., nucleic acid). 

(5) A method of analyzing a fluorescent molecule in a test sample, comprising the 
following steps: 

(a) a step of measuring in a time-dependent manner individual fluorescence intensities 
30 of a plurality of species of fluorescent molecules each having an inherent fluorescence 

lifetime and preparing a fluorescence lifetime function represented by the following 
formula I: 
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f(t) = 2>exp(-f/z0 

1 = 1 ^ } 

where Ai is a coefficient; t is time; and xi is fluorescence lifetime; 
and 

(b) a step of calculating fluorescence intensities using the function. 
5 (6) A method of analyzing a substance to be measured in a test sample, comprising the 
following steps: 

(a) a step of labeling the substance to be measured with a plurality of species of 
fluorescent molecules each having an inherent fluorescence lifetime; 

(b) a step of measuring in a time-dependent manner fluorescence intensities of the 
10 fluorescent molecules labeling the substance and preparing a fluorescence lifetime 

function represented by the following formula I: 

f(t) = J>exp(-;/T0 a) 

where Ai is a coefficient; t is time; and xi is fluorescence lifetime; 
and 

15 (c) a step of calculating fluorescence intensities using the function. 

In the methods described in (5) and (6), fluorescence intensities are obtained by 
calculating the product of coefficient Ai and fluorescence lifetime xi. 
(7) A method of judging the type of a gene, comprising the following steps: 

(a) a step of labeling the gene in a test sample with a plurality of species of fluorescent 
20 molecules each having an inherent fluorescence lifetime; 

(b) a step of measuring in a time-dependent manner fluorescence intensities of the 
fluorescent molecules labeling the substance and preparing a fluorescence lifetime 
function represented by the following formula I: 

f(t) = 2>exp(-^) 

1=1 ^ ' 

25 where Ai is a coefficient; t is time; and ti is fluorescence lifetime; 

(c) a step of calculating fluorescence intensities using the function to thereby detect 
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the fluorescence intensities of the fluorescent molecules; and 

(d) a step of judging the type of the gene using the fluorescence intensities as 
indicators. 

In this method, fluorescence intensities are obtained by calculating the product of 
5 coefficient Ai and fluorescence lifetime xi. 

In the above-described analysis method and judging method, it is preferable to use 
at least one species of fluorescent molecule having a known fluorescence lifetime. 
(8) A reagent or kit for detecting a substance to be measured, comprising a plurality of 
species of fluorescent molecules each having an inherent fluorescence lifetime. 
10 (9) An apparatus for detecting a fluorescent molecule in a test sample, comprising the 
following means: 

(a) means for measuring in a time-dependent manner individual fluorescence 
intensities of a plurality of species of fluorescent molecules each having an inherent 
fluorescence lifetime; and 

1 5 (b) means for comparing the measured fluorescence intensities. 

(10) An apparatus for quantitatively determining a substance to be measured in a test 
sample, comprising the following means: 

(a) means for labeling the substance to be measured with a plurality of species of 
fluorescent molecules each having an inherent fluorescence lifetime; 

20 (b) means for measuring in a time-dependent manner individual fluorescence 

intensities of the fluorescent molecules labeling the substance; and 
(c) means for comparing the measured fluorescence intensities. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 Fig. 1 shows the measuring principle of single photon counting and the measuring 

apparatus used in the present invention. 
Figure legend: 

1. test sample; 2. pulsed light source; 3. pulsed light; 4. fluorescence; 5. photomultiplier tube; 

6. amplifier; 7. constant fraction discriminator; 8. time to amplitude converter; 9. 
30 multi-channel analyzer; 10. personal computer; 11. wavelength filter on the excitation side; 

12. wavelength filter on the fluorescence side. 

Fig. 2 shows spectra for explaining relations between two species of fluorescent 

molecules used in the present invention. Flab and Flem represent the normalized 

absorption spectrum and fluorescence spectrum of fluorescent molecule Fl, respectively. 
35 F2ab and F2em represent the normalized absorption spectrum and fluorescence spectrum of 
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fluorescent molecule F2, respectively. 

Fig. 3 is a schematic diagram showing relations between wavelength and 
fluorescence intensity. 

Fig. 4 is a schematic diagram in which fluorescence intensity is plotted along the 
time axis. 

Fig. 5 is a diagram showing fluorescence decay curves reflecting relations between 
fluorescence intensity and time. 

Fig. 6 shows typical examples of decay curves of fluorescence derived from 
fluorescent molecules used in the present invention. Panel (a) corresponds to ID3 in Table 
1 and panel (b) corresponds to ID6 in Table 1 . 

Fig. 7 shows fluorescence decay curves obtainable when the present invention is 
applied to SNP typing. 

Fig. 8 is a graph showing that fluorescence intensity ratio obtained from 
fluorescence decay curves of fluorescence lifetimes changes linearly. 

Fig. 9 shows fluorescence decay curves in sample C. 

Fig. 10 shows fluorescence spectra of the four species of fluorescent molecules 
used in Example 4. 

Fig. 1 1 shows the fluorescence spectrum obtained when sample C was excited. 
Fig. 12 shows fluorescence decay curves in sample E. 

Fig. 13 shows fluorescence spectra of the five species of fluorescent molecules used 
in Example 5. 

Fig. 14 shows the fluorescence spectrum obtained when sample E was excited. 

BEST MODES FOR CARRYING OUT THE INVENTION 

Hereinbelow, the present invention will be described more specifically. 

The present inventors have paid attention to the fact that the intensity of 
fluorescence emitted from a fluorescent molecule decays with the passage of time, and 
attempted to measure such decay of fluorescence intensity in a time-dependent manner. 
Then, the inventors have measured decay curves of fluorescence intensities of a test sample 
containing fluorescent molecules with different fluorescence lifetimes (i.e., time-dependency 
of the intensity of fluorescence emitted from the sample) by the technique of single photon 
counting ("Fluorescence Measurement", K. Kinoshita & H. Mihashi (eds.), Center for 
Academic Publications Japan). 

In the present invention, the term "fluorescence lifetime" means the time in which 
the fluorescence intensity 10 immediately after the excitation pulse decays to 1/e (where e 
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represents the base of a natural logarithm). Fluorescence lifetime is a value which a 
fluorescent molecule inherently has. For example, the fluorescence lifetime of 
5-carboxynaphtofluoresceine is 6.05 nanoseconds (nsec) and that of fluoresceine is 4.04 
nsec. 

5 Single photon counting is a method in which photon (the minimum unit of light) is 

detected one by one. Thus, it is the most sensitive method among all photo-detection 
methods and is suitable for measuring the fluorescence lifetime of a trace amount of sample 
stably without depending on concentration, compared to the measurement of fluorescence 
intensity or absorption used commonly. For example, as shown in Fig. 1, a test sample 1 

10 placed in a cell, tube, microplate, etc. (the substance to be measured is contained in this test 
sample 1) is irradiated with pulsed light 3 from a pulsed light source 2. Then, fluorescence 
4 emitted from the test sample 1 is detected by a photomultiplier tube (PMT) 5. The 
wavelength of the light source 2 and the wavelength of light detected in the photomultiplier 
tube 5 are selected by a filter or spectroscope. Signal from the light source 2 (start signal) 

15 and signals from the photomultiplier tube 5 (stop signal) are input into a time-to-amplitude 
converter (TAC) 8 through an amplifier 6 and a constant fraction discriminator (CFD) 7. 
Then, depending on the timing of detection in the photomultiplier tube 5, output signals from 
TAC 8 vary. By taking these output signals into a multi-channel analyzer (MCA) 9, it is 
possible to measure fluorescence lifetime. The output signals are stored in the hard disc, etc. 

20 of a personal computer (PC) 10. 

In the present invention, a method will be explained in which a plurality of species 
(specifically, two species) of fluorescent molecules with different inherent fluorescence 
lifetimes, i.e. Fl (with fluorescence lifetime xl) and F2 (with fluorescence lifetime x2), are 
used to measure the concentration of F2. 

25 When a substance to be measured is labeled with fluorescent molecules and the 

fluorescence intensities thereof are measured, relations between wavelength and fluorescence 
intensity can be obtained as curves. First, the absorption bands (absorption spectra) of 
fluorescent molecules Fl and F2 are measured. The measurement results are obtained as 
the curves (Flab and F2ab) shown in Fig. 2. Here, it is desirable that the absorption bands 

30 (absorption spectra) of fluorescent molecules Fl and F2 should overlap with the wavelength 
of the light source to be used. However, even when the absorption bands exit in a region of 
longer wavelength than the wavelength of the light source, it is possible for Fl and F2 to 
emit fluorescence if part of the excitation light is absorbed by these fluorescent molecules 
(Fig. 2). 

35 When a laser light source is used in actual measurement, a reagent containing Fl 
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and F2 is excited with an excitation wavelength tex, and the intensity of the excitation light 
is adjusted with a neutral density filter (ND filter) as a wavelength filter on the excitation side 
1 1 (Fig. 1). On the other hand, as a wavelength filter on the fluorescence side 12 (Fig. 1), a 
long pass filter is used so that no excitation light is detected. Alternatively, a band pass 
5 filter to select a specific wavelength region or a combination of long pass filter and short pass 
filter may of course be used instead (Fig. 1). 

Hereinbelow, measurement of fluorescence decay curves of a substance to be 
measured in a test sample when fluorescence lifetimes tl and t2 are different will be 
described. 

10 Let us suppose that fluorescence intensity curves are obtained as shown in the left 

side of Fig. 3 when the substance to be measured was labeled with fluorescent molecule Fl 
and that fluorescence intensity curves are obtained as shown in the right side of Fig. 3 when 
the substance to be measured was labeled with fluorescent molecule F2. Fluorescence 
intensities decay with the passage of time from tl to t2 and from t2 to t3 (i.e., in a 

15 time-dependent manner) (Fig. 3) and finally reach fluorescence lifetime x. In the present 
invention, the inventors have tried to obtain fluorescence decay curves by newly providing 
the time axis. Briefly, when the time axis is newly added to the coordinate shown in Fig. 3, 
it is possible to express individual fluorescence intensities at different time points 
continuously as a curve (Fig. 4). Connecting peak points of fluorescence intensity curves as 

20 fluorescence counts for the purpose of convenience yields curve SI shown in Fig. 4 (curve 
SI for Fl alone is shown in Fig. 4 in order to simplify explanation). 

Curves SI and S2 are obtained for Fl and F2, respectively. Logarithmic plotting 
of these curves yields the results shown in panel (a) in Fig. 5. These logarithmic plots are 
used as fluorescence decay curves. Panel (a) in Fig. 5 is a graph showing the fluorescence 

25 decay curves obtained by measuring a plurality of substances to be measured independently. 
When the plurality of substances to be measured were measured in one and same measuring 
system, a fluorescence decay curve as shown in panel (b) of Fig. 5 is obtained. Using the 
thus obtained fluorescence decay curve as an indicator, the concentration of a fluorescent 
molecule of interest (to what extent the molecule is present) can be measured. When a 

30 fluorescent molecule is bound to a substance to be measured to thereby label the substance 
fluorescently, the concentration of the substance to be measured is determined. 

Generally, when fluorescence decay curves are measured using i species of 
fluorescent molecules having different inherent fluorescence lifetimes, a fluorescence 
lifetime function f(t) is represented by the following formula I: 
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f(t) = ^AiQXp(-t / Ti) 



(i) 



=Alexp(-t/xl) + A2exp(-t/x2) + A3exp(-t/x3) +■ + Akexp(-t/xk) 

where Ai is coefficient; t is time; and xi is fluorescence lifetime. 

If necessary, the above-described fluorescence lifetime function f(t) may be 
obtained by the following formula II in which background at the time of measurement is 
added: 



/ + background (11 ) 

1=1 

=Alexp(-t/xl) + A2exp(-t/x2) + A3exp(-t/x3) + + Akexp(-t/xk) + background 

where Ai is coefficient; t is time; and xi is fluorescence lifetime. 

The fluorescence lifetimes and intensities of the fluorescent molecules contained in 
a test sample can be obtained by deconvolution of the measured fluorescence decay curves. 
Deconvolution is known to those skilled in the art. As a result, values of coefficient A and 
fluorescence lifetime x are obtained. Since the ratios of fluorescence intensities of 
individual fluorescent molecules are proportional to (Ai x xi) (where i=l, 2, 3, ...) , the 
mixing ratio of individual fluorescent molecules can be estimated as (AI x xl) : (A2 x x2) : 

(A3Xx3) : If one of the fluorescent molecules contained in the test sample is a 

reference fluorescent molecule, concentrations of other fluorescent molecules of unknown 
concentrations can be determined by comparing fluorescence intensities. 

When two species of fluorescent molecules having different fluorescence lifetimes 
xl and x2 are used as described above, the results of measurement of fluorescence decay 
curves will give data such as shown in Fig 6, as described later in Examples. Then, by 
deconvolution of the decay of fluorescence intensities which is convolution of g(t) (response 
function of the apparatus) and f(t) (essential fluorescence lifetime function which fluorescent 
molecules have), coefficient A and the fluorescence lifetimes of fluorescent molecules in the 
test sample are determined. From the resultant values of coefficient A and fluorescence 
lifetime x, the mixing ratio of the two fluorescent molecules is calculated by (AI x xl) : (A2 
x x2). If one of the fluorescent molecules contained in the test sample is a reference 
fluorescent molecule, the concentration of the other fluorescent molecule of unknown 
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concentration can be determined by comparing fluorescence intensities. 

According to the present invention, a plurality of fluorescent molecules for labeling 
which could not be used in the same solution at the same time because their fluorescence 
spectra overlap greatly can be used regardless of their fluorescence spectra, as long as their 
5 fluorescence lifetimes differ from each other at least by a factor of 1 . 1 or more, preferably by 
a factor of 1.1-10, more preferably by a factor of 1.1-5, still more preferably by a factor of 
3-5. This makes detection multiplex and enables high throughput measurement which has 
never been achieved so far. Specific difference in fluorescence lifetime may be, for 
example, by a factor of 1.10, 1.32, 1.45, 1.79, 1.92, 1.95, 2.14, 2.77, 2.83, 3.43, 5.31, 5.40, 

10 5.92, 6.22, 7.83 or 9.49, but the difference is not limited to these factors. Therefore, it is 
possible to apply a combination of fluorescent molecules such as disclosed in the present 
invention to many applications where analyses have been performed by comparing 
fluorescence intensities, to thereby improve productivity. Specifically, use of a band pass 
filter as a wavelength filter on the fluorescence side makes it possible to utilize not only the 

15 time dependency but also the wavelength dependency of fluorescence intensities. As a 
result, the number of probes which can be labeled simultaneously for a substance to be 
detected can be increased sharply. This means that assays can be made highly efficient and 
cost can be reduced. The difference in fluorescence lifetime (lifetime ratio) between xl and 
x2 is, as described above, by a factor of 1.1 or more, preferably by a factor of 1.1-10, more 

20 preferably by a factor of 1 . 1 -5, still more preferably by a factor of 3-5. The difference may 
be by a factor of 5 or more, or even 10 or more. Further, 2 or more species, preferably 3 to 
13 species of fluorescent molecules with such fluorescence lifetimes may be used 
simultaneously. However, it is preferable that the number of species of these fluorescent 
molecules used simultaneously is 4 to 9, still preferably 5 to 7, from the viewpoint of stable 

25 quantitative/qualitative analysis. 

For example, a plurality of species of fluorescent molecules may be fluorescent 
molecules belonging to different three or more groups selected from the group consisting of 
a group having an inherent fluorescence lifetime of 0.01 ns or more and less than 1.0 ns; a 
group having an inherent fluorescence lifetime of 1 .0 ns or more and less than 2.0 ns; a group 

30 having an inherent fluorescence lifetime of 2.0 ns or more and less than 3.0 ns; a group 
having an inherent fluorescence lifetime of 3.0 ns or more and less than 4.0 ns; a group 
having an inherent fluorescence lifetime of 4.0 ns or more and less than 5.0 ns; a group 
having an inherent fluorescence lifetime of 5.0 ns or more and less than 6.0 ns; and a group 
having an inherent fluorescence lifetime of 6.0 ns or more and less than 7.0 ns. Preferably, 

35 the fluorescence lifetime of the fluorescent molecule is 30 ns or less. Alternatively, 3 to 13 
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species, preferably 4 to 9 species, still more preferably 5 to 7 species of fluorescent 
molecules with fluorescence lifetimes different from each other by 1.0 ns or more may be 
used. 

Specific examples of fluorescent molecules which may be used for measuring 
5 fluorescence lifetimes include the following dyes: 

Cascade Yellow, Dapoxyl carboxylic acid, Pacific Blue, 
7-Hydroxycourmarin-3-carboxylic acid, PyMPO, 5-carboxynaphthofluorescein, Dabcyl 
LysoSensor, Lucifer Yellow, Alexa Flour, NBD-X, DCCH, HEX, JOE, ROX, Texas Red, 
TET, TAMRA (Invitrogen; USA), Cy2, Cy3, Cy3B, Cy3.5, Cy5, Cy5.5, Cy7 (Amersham 
10 Bioscience), FITC. 

These fluorescent molecules are used as a kit or reagent for measuring a 
substance(s) to be measured in the present invention. The kit may also contain buffers, a 
manual, parts or the like in addition to those fluorescent molecules. 

In the above-described example, a method for measuring the concentration of a 
15 specific fluorescent molecule present in a solution containing a plurality of fluorescent 
molecules with different fluorescence lifetimes has been described. This measuring method 
of the present invention is applicable to identification of concentrations of labeled probes or 
targets (e.g., nucleic acids, proteins, peptides, ligands, receptors, donors, hormones, and 
sugar chains) or identification/detection of fluorescence-emitting trace substances. Further, 
20 the method is also applicable to judgment of the types of substances to be measured (e.g., 
genes). 

Specific examples of such applications include DNA microarray method, TaqMan 
PCR method and the invader method and the like. By replacing the fluorescent molecule 
used in these methods with a plurality of species of fluorescent molecules as shown in the 

25 present invention, it is possible to make these methods multiplex and thereby achieve high 
throughput analysis of substances to be measured (such as genes). Fig. 7 shows 
fluorescence decay curves of fluorescence lifetimes obtainable when the method of the 
present invention is applied to SNP typing. 

In the above-described Fig. 6, fluorescent molecules are excited with a wavelength 

30 of 408 nm. Alternatively, the fluorescent molecules may be excited with a wavelength 
appropriate for the absorption spectra of the molecules used, e.g., 635 nm. Further, they 
may be excited with a plurality of wavelengths such as 408 nm and 635 nm. This enables 
simultaneous use of various fluorescent molecules having a wide range of absorption spectra, 
making detection still more multiplex. 

35 In the above-described example, laser diode (LD) or laser is used as a light source. 
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Other light sources such as flash lump or light emitting diode (LED) may also be used. 

In the present invention, pulse frequency, pulse intensity and pulse diameter may be 
selected appropriately depending on the substance to be measured. For example, pulse 
frequency is from 1 kHz to 1 GHz; pulse intensity is from several |xW to several hundred W; 
5 and pulse diameter is from several ten |im to several ten mm. 

Further, the present invention provides a measuring apparatus comprising means 
for measuring fluorescence intensities of individual fluorescent molecules in a 
time-dependent manner and means for measuring the concentration of a substance to be 
measured by comparing the fluorescence intensities. 

10 

Hereinbelow, the present invention will be described more specifically with 
reference to the Examples. However, the present invention is not limited to these 
Examples. 

EXAMPLE 1: Quantitative Determination of Fluorescent Molecules with Different 

1 5 Fluorescence Lifetimes 

In this Example, fluorescence decay curves of a test sample containing 
5-carboxynaphtofluoresceine (hereinafter expressed as "CNF") with a fluorescence lifetime 
of 0.65 ns (tl) (designated Fl) and fluoresceine with a fluorescence lifetime of 4.04 ns (t2) 
(designated F2) were measured using the measuring principle shown in Fig. 1, followed by 

20 observation of the ratio of fluorescence intensities. CNF was used as a reference 
fluorescent molecule. The peak wavelengths of absorption spectrum and fluorescence 
spectrum of CNF were 591 nm and 649 nm, respectively. The peak wavelengths of 
absorption spectrum and fluorescence spectrum of fluoresceine were 494 nm and 519 nm, 
respectively. 

25 Operations were as described below: Buffer (pH=7.6, 50 mM Tris-HCl, 1M NaCl, 

30 mM KC1, 5 mM MgCh) solutions containing the two fluorescent molecules (CNF and 
fluoresceine) at ratios as indicated in Table 1 were prepared, followed by measurement of the 
fluorescence decay curves (Fig. 6). Briefly, the test sample was excited by an LD light 
source of a wavelength of 408 nm, and the fluorescence was measured using a long pass 

30 filter of 430 nm. The results as shown in Table 1 were obtained. In this Example, the 
inherent fluorescence lifetimes of CNF and fluoresceine were obtained in advance from 
solutions containing CNF alone and fluoresceine alone, respectively. Using the thus 
obtained fluorescence lifetimes, coefficient Bi (where i = 1, 2) of the fitting function was 
calculated. 

35 As is clear from these results, the fluorescence lifetime ratio between CNF and 
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fluoresceine is more than 6 (i.e., 6.2 < 4.04/0.65 <6.3) and thus it is easy to separate the 
fluorescence lifetime components derived from CNF and fluoresceine. When the 
concentration of fluoresceine is changed against CNF, it is observed that the fluorescence 
intensity ratio ("log (t2B2/t1B1)" value in Table 1) obtained from fluorescence decay curves 
5 of fluorescence lifetimes shows linear changes in response to the above concentration change 
(Fig. 8). By using this result as a calibration curve, it is possible to measure fluorescence 
decay curves of a test sample containing fluoresceine of unknown concentration and to 
specify the concentration of fluoresceine in the sample solution by determining the 
concentration ratio to the reference fluorescent molecule. As is clear from Fig. 8, linearity 

10 can be retained even when the concentration of fluoresceine to be quantitatively determined 
changes by about three orders of magnitude. Even when the concentration of fluoresceine 
does not fall within the range from 0.0015 to 0.5 |^M, it is possible to specify the 
concentration by changing the amount of CNF, the reference fluorescent molecule. Further, 
it is also possible to expand the detection range for fluoresceine concentration (dynamic 

15 range) by mixing in a test solution two or more species of fluorescent molecules with known 
concentrations. 
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EXAMPLE 2: Method of SNP (single nucleotide polymorphism) Typing by Invader 
Method Using Fluorescent Molecules with Different Fluorescence Lifetimes 

Experimental operations were as described below. First, 10 ^il of human genomic 
DNA (40 ng/pl) was dispensed into 200 |il PCR tubes. The tube was left in air to evaporate 
5 the solvent. Then, approx. 20 jal of an invader method reagent containing FRET probe 
labeled with CNF and fluoresceine was dispensed thereinto. After tightly sealing the tube, 
the DNA was denatured at 95°C for 5 min and reacted in a thermostat bath at 63°C for 4 hrs. 
After the completion of the reaction, the test sample was excited by an LD light source of a 
wavelength of 408 nm. Using a long pass filter of 430 nm, decay curves of the emitted 

10 fluorescence were measured by the principle for measuring fluorescence lifetimes shown in 
Fig. 1. Then, frequency of SNP was analyzed (typed). The results revealed that the 
value of (concentration of CNF)/(concentration of fluoresceine) converted from 
(fluorescence intensity of CNF)/(fluorescence intensity of fluoresceine) obtained from 
fluorescence decay curves is 6-120 or 0.01-0.15 for the sample containing a homozygote, 

15 and that the corresponding value for the sample containing a heterozygote is 0.2-4. As is 
clear from these results, it is possible to discriminate between homozygotes and 
heterozygotes by labeling the FRET probe for an SNP to be typed with fluorescent molecules 
having different fluorescence lifetimes. 

20 EXAMPLE 3: Method of SNP Typing by TaqMan PCR Method Using Fluorescent 
Molecules with Different Fluorescence Lifetimes 

Experimental operations were as described below. First, 10 [il of genomic DNA 
(40 ng/|iil) was dispensed into 200 yd PCR tubes. The tube was left in air to evaporate the 
solvent. Then, approx. 20 fil of a TaqMan PCR method reagent labeled with CNF and 

25 fluoresceine was dispensed thereinto. Subsequently, the DNA was denatured at 95 °C for 10 
min and subjected to 40 cycles of incubation (1 cycle consisting of 95°C, 1 min and 60°C, 3 
min). The resultant test sample was excited by an LD light source of a wavelength of 408 
nm. Using a long pass filter of 430 nm, decay curves of the emitted fluorescence were 
measured by the principle for measuring fluorescence lifetimes shown in Fig. 1. Then, 

30 frequency of SNP was analyzed (typed). The results revealed that the value of 
(concentration of CNF)/(concentration of fluoresceine) converted from (fluorescence 
intensity of CNF)/(fluorescence intensity of fluoresceine) obtained from fluorescence decay 
curves is 5-95 or 0.015-0.2 for the sample containing a homozygote, and that the 
corresponding value for the sample containing a heterozygote is 0.23-4.2. As is clear from 

35 these results, it is possible to discriminate between homozygotes and heterozygotes by 

15 



labeling the probe for an SNP to be typed with fluorescent molecules having different 
fluorescence lifetimes. 

EXAMPLE 4: Quantitative Determination of a Plurality of Fluorescent Molecules with 
5 Different Fluorescence Lifetimes 

Experimental operations were as described below. Buffer (pH=7.6, 50 mM 
Tris-HCl, 1M NaCl, 30 mM KC1, 5 mM MgCl 2 ) solutions A, B and C containing Pacific 
Blue, Lucifer Yellow, PyMPO and CNF at the ratios indicated in Table 2, respectively, were 
prepared, followed by measurement of fluorescence decay curves of these solutions. The 

10 inherent fluorescence lifetimes of Pacific Blue, Lucifer Yellow, PyMPO and CNF were 
measured individually from solutions each containing Pacific Blue, Lucifer Yellow, PyMPO 
or CNF alone. The results revealed that their inherent fluorescence lifetimes are 3.45 ns, 
6.17 ns, 1.80 ns and 0.65 ns, respectively. The peak wavelengths of absorption spectra of 
Pacific Blue, Lucifer Yellow, PyMPO and CNF are 410 nm, 425 nm, 400 nm and 590 nm, 

15 respectively; and the peak wavelengths of fluorescence spectra of them are 452 nm, 525 nm, 
560 nm and 650 nm, respectively. 

By way of example, the fluorescence decay curves of sample C in Table 2 
measured at two different wavelengths (500 nm and 650 nm) using a spectroscope are shown 
in Fig. 9. The band width of the spectroscope was 8 nm. 

20 Fig. 10 shows the normalized fluorescence spectra of Pacific Blue, Lucifer Yellow, 

PyMPO and CNF when each of them was excited alone by light with a wavelength of 408 
nm. Fig. 1 1 shows the fluorescence spectrum of sample C when excited by light with a 
wavelength of 408 nm. As seen from Fig. 11, when four species of fluorescent molecules 
are mixed, separation or quantitative determination with a fluorescence spectrum becomes 

25 very difficult. 

On the other hand, as is clear from Table 2, the concentration ratio of the four 
species of fluorescent molecules and the concentration ratio obtained from measurement of 
fluorescence lifetimes are proportional. Therefore, even when a solution contains four 
species of fluorescent molecules, it is possible to determine the concentration ratio accurately 
30 by analyzing decay curves if fluorescence lifetimes of the molecules differ from each other 
by 1 .0 ns or more (or by a factor of 1 . 1 or more). 
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EXAMPLE 5: Quantitative Determination of a Plurality of Fluorescent Molecules with 
Different Fluorescence Lifetimes and Application Thereof to SNP Typing 

Experimental operations were as described below. Buffer (pH=7.6, 50 mM 
Tris-HCl, 1M NaCl, 30 mM KC1 ? 5 mM MgCl 2 ) solutions D, E and F containing Alexa 
5 Fluor 405, Marina Blue, PyMPO, Alexa Fluor 594 and CNF at the ratios indicated in Table 3, 
respectively, were prepared, followed by measurement of fluorescence decay curves of these 
solutions. The inherent fluorescence lifetimes of Alexa Fluor 405, Marina Blue, PyMPO, 
Alexa Fluor 594 and CNF were measured individually from solutions each containing Alexa 
Fluor 405, Marina Blue, PyMPO, Alexa Fluor 594 or CNF alone. The results revealed that 

10 their inherent fluorescence lifetimes are 3.51 ns, 5.09 ns, 1.80 ns, 3.85 ns and 0.65 ns, 
respectively. The peak wavelengths of absorption spectra of Alexa Fluor 405, Marina Blue, 
PyMPO, Alexa Fluor 594 and CNF are 405 nm, 360 nm, 400 nm, 590 nm and 590 nm, 
respectively; and the peak wavelengths of fluorescence spectra of them are 425 nm, 455 nm, 
560 nm, 620 nm and 650 nm, respectively. 

15 By way of example, the fluorescence decay curves of sample E in Table 3 

measured at three different wavelengths (450 nm, 520 nm and 650 nm) using a spectroscope 
are shown in Fig. 12. The band width of the spectroscope was 8 nm. 

Fig. 13 shows the normalized fluorescence spectra of Alexa Fluor 405, Marina Blue, 
PyMPO, Alexa Fluor 594 and CNF when each of them was excited alone by light with a 

20 wavelength of 408 nm. Fig. 14 shows the fluorescence spectrum of sample E when excited 
by light with a wavelength of 408 nm. As seen from Fig. 14, when five species of 
fluorescent molecules are mixed, separation or quantitative determination with a 
fluorescence spectrum becomes very difficult. 

On the other hand, as is clear from Table 3, the concentration ratio of the five 

25 species of fluorescent molecules and the concentration ratio obtained from measurement of 
fluorescence lifetimes are proportional. Therefore, even when a solution contains five 
species of fluorescent molecules, it is possible to determine the concentration ratio accurately 
by analyzing decay curves if fluorescence lifetimes of the molecules differ from each other 
by 1 .0 ns or more (or by a factor of 1 . 1 or more). 

30 The example described above may be applicable to typing of SNPs at, for example, 

two sites. For example, Alexa Fluor 405 and Marina Blue may be used so as to correspond 
to one SNP site; Alexa Fluor 594 and CNF may be used so as to correspond to the other SNP 
site; and PyMPO may be used as a reference fluorescent molecule of a known concentration. 
By these procedures, it becomes possible to discriminate the types (homo or hetero) at one 

35 SNP site from the fluorescence intensity ratio between Alexa Fluor 405 and Marina Blue. 

18 



Likewise, it becomes possible to discriminate the types at the other SNP site from the 
fluorescence intensity ratio between Alexa Fluor 594 and CNF. By using a plurality of 
fluorescent molecules with different fluorescence lifetimes in this manner, it is possible to 
make SNP typing multiplex and to thereby reduce costs and measuring time greatly. 
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INDUSTRIAL APPLICABILITY 

According to the present invention, there are provided a method, reagent and 
apparatus for quantitatively determining a fluorescent molecule, as well as a method for 
analyzing the same. According to the present invention, it is possible to detect a substance 
5 of low concentration in a test sample with high sensitivity by labeling probes or the target 
substance with a plurality of species of fluorescent molecules having different fluorescence 
lifetimes. Thus, the present invention is useful as a reagent for detecting or quantitatively 
determining a substance to be measured. 
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